Objective: National colorectal cancer (CRC) screening rates have plateaued. To optimize interventions targeting those unscreened, a better understanding is needed of how this preventive service fits in with multiple preventive and chronic care needs managed by primary care providers (PCPs). This study examines whether PCP practices of other preventive and chronic care needs correlate with CRC screening.
Introduction
Colorectal cancer (CRC) continues to be the second leading cause of cancer-related deaths for both men and women in the United States 1 . Screening for CRC has swiftly become a priority for many healthcare systems, in part, due to the National Colorectal Cancer Roundtable call for 80% of patients to receive this screening by 2018. In the past decade, nationally, there was a significant improvement in CRC screening rates from 54% in 2002 to 65% in 2010 2 . However, a plateau has been reached with one third of eligible adults remaining unscreened 2 . While multiple prior studies have identified successful patient, provider, and system interventions that increase CRC screening [3] [4] [5] [6] [7] [8] [9] [10] , in order to optimize current interventions targeting those unscreened, we need to understand how this preventive service fits with multiple preventive care needs and chronic disease management provided by primary care providers (PCPs).
Many healthcare systems are now struggling to manage the "double burden" of patients' preventive services and chronic condition care for which PCPs bear the ultimate responsibility 11 . PCPs are increasingly pressured to achieve performance targets for multiple preventive care and chronic disease quality metrics. Within a single clinical encounter they are forced to prioritize these multiple demands, including those of different preventive services 12 . These potentially competing demands 13 can be viewed as concordant or discordant with CRC screening based on patient and PCP workflows. At the patient-level, the concept that different patient co-morbidities can be concordant or discordant with a particular disease and impact its outcomes has been previously studied 14, 15 . In this case, concordant conditions are conditions that are defined as having similar pathophysiology, similar selfmanagement plans, or similar goals for the patient 14, 15 . For example in patients with diabetes and other chronic conditions, those with more concordant conditions will experience better diabetes outcomes due to provider cueing and synergistic goals. In contrast, those with more discordant conditions will experience worse diabetes outcomes due to distraction and competition for limited patient resources 14, 16 . This study applies a similar concept at the PCP-level by examining whether practice patterns, as measured by performance on preventive and chronic disease metrics, can be classified as concordant or discordant with CRC screening. We hypothesized that delivery of other preventive services (e.g. breast cancer and cervical cancer screening) would be concordant with CRC screening rates and that chronic disease management performance (e.g. diabetes and cardiovascular disease management) will be discordant with CRC screening rates. The information gained from this study can be used to help optimize existing healthcare system interventions to increase CRC screening.
Methods

Study setting and population
We conducted a retrospective analysis of PCP practices in one of the 12 largest multi-specialty physician groups in the United States in which primary care is delivered by over 300 providers in more than 40 primary care clinic sites in both academic and community settings. The healthcare organization is a long-standing participant in the Wisconsin Collaborative for Healthcare Quality (WCHQ); a voluntary, state-wide partnership of healthcare organizations, health plans, and employers that has been publicly tracking multiple performance metrics for healthcare systems across Wisconsin since 2005 17 . We report on PCPs with >100 patients in their panel eligible for CRC screening. Excluding PCPs with small numbers of eligible patients confers stability of the results
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. Patients were considered eligible for CRC screening if they were ages 50-75 and "currently managed" by the physician group. Currently managed is defined as having at least two primary care office visits in an outpatient, non-urgent care setting in the past 36 months with at least one visit in the past 2 years. Patients were excluded if they had a history of a total colectomy. We used a previously published algorithm by Pham et al 19 . to assign patients to PCPs. The study was determined to be exempt by the University of Wisconsin-Madison Institutional Review Board.
Outcome variable
The outcome variable was patient completion of CRC screening. Electronic medical record (EMR) data were used to identify billing and procedure codes consistent with the Healthcare Effectiveness Data and Information Set (HEDIS) definitions 20 . We determined if eligible patients had (a) fecal occult blood test in the past year, (b) flexible sigmoidoscopy, double contrast barium enema, or computed tomographic (CT) colonography in the past 5 years, or (c) colonoscopy in the prior 10 years 21 . The EMR data captured systematically collected patient reported information on CRC screening even if testing was completed outside of the healthcare organization.
Preventive care and chronic disease management metrics
Five quality metrics were calculated for each PCP during the study period (1 January 2007 to 31 December 2009). Preventive care metrics were defined as: (1) breast cancer screening rates and (2) cervical cancer screening rates. Chronic disease metrics were: (3) HgbA1C testing and (4) LDL testing among patients with diabetes mellitus and (5) blood pressure control for patients with diagnosed hypertension with or without diabetes. The definitions used to calculate the numerators and denominators for each performance metric are shown in Table 1 and reflect the established definitions set forth by WCHQ 17 .
Covariates EMR data were used to identify multiple patient and PCP characteristics to include in the final models. Patient factors included age, sex, race (white, non-white), marital status, primary language (English, Non-English), insurance coverage (Commercial, Medicare, Medicaid, or Uninsured), comorbidities (congestive heart failure, diabetes mellitus, hypertension), and a healthcare resource utilization score. The healthcare resource utilization score was calculated with Ambulatory Care Groups (ACG) 22, 23 using outpatient and inpatient diagnoses from 2008 (the baseline year of this study). This score is based on evidence that certain groups of medical conditions have similar healthcare resource utilization. The score was divided into quintiles for the purpose of this study. PCP characteristics included: sex, specialty (internal medicine, family medicine), years in practice, and size of patient panel eligible for CRC screening. We also measured the percent of PCPs who practiced at hospital-owned versus physician-owned clinics. During the study period, clinics at our healthcare organization were owned and managed by either the hospital or the physician group practice.
Variations in ownership and management are associated with different clinic infrastructure and populations served.
Statistical analysis
Preventive care (breast cancer screening, cervical cancer screening) and chronic disease management metrics (HgbA1c testing and LDL testing for patients with diabetes, and blood pressure control for patients with hypertension with or without diabetes) were calculated for each PCP for the year 2009 and tested for correlation with CRC screening rates using the pwcorr procedure in Stata. Hierarchical multivariate logistic regression with robust estimation of the standard errors and clustering at the clinic-level was performed with the logit procedure in Stata. Three models were run to obtain the odds ratios and 95% confidence intervals for the PCP quality metrics, patient characteristics, and provider characteristics as predictors of the primary outcome, completion of CRC screening at the patient level. The first model included only the PCP quality metrics, the second model added patient characteristics, and the third model included both patient and provider characteristics. Analyses were carried out with Stata 12.0 (StataCorp, College Station, TX) and SAS 9.3 (SAS Institute, Cary, NC) software. All tests of significance used two-sided P values at the P < 0.05 level.
Results
Sample characteristics
Ninety PCPs were identified with >100 patients in their panel eligible for CRC screening. 33,137 patients across these PCPs met the eligibility criteria for CRC screening outlined in the previously described methodology. The majority of patients were 50-60 years old, 58% were female, 93% were White, almost three-quarters were married, and more than two-thirds had commercial insurance coverage ( Table 2 ). The mean ACG score was 0.58 which means that on average, patients in the sample were predicted to have a lower than average composite health needs or illness burden. Among the 90 PCPs, 54% were women, 49% practice in Internal Medicine, a little less than half had been in practice for more than 20 years, Correlation between colorectal cancer screening and PCP preventive care and chronic disease management metrics
At baseline, PCP CRC screening rates had a strong positive correlation with breast cancer screening rates (r = 0.7414, p < 0.001) and a weak positive correlation with cervical cancer screening (r = 0.2642, p < 0.001), diabetes HgbA1c and LDL testing (r = 0.2335, p < 0.001 and r = 0.1718, p < 0.001, respectively), and blood pressure control (r = 0.2040, p < 0.001) ( Table 3 ). There were no quality metrics that were negatively correlated with CRC screening.
Multivariate models predicting colorectal cancer screening
Three logistic regression models, with a hierarchical structure to account for clustering within clinics, were built for analysis with sequential addition of quality metrics, patient characteristics, and provider characteristics to predict completion of CRC screening at the patient level (Table 4 ). The first model included only quality metrics and showed that the only metric significantly associated with CRC screening was breast cancer screening (OR 1.36; 95% CI 1.26-1.46; p < 0.001). After adjusting for patient characteristics (second model), the OR for breast cancer screening decreased slightly but remained significantly associated with CRC screening (OR 1.28; 95% CI 1.18-1.40; p < 0.001). In this model, multiple patient characteristics were also significant predictors of completing CRC screening such as: increasing patient age, White race, being married, primarily English speaking, having commercial insurance coverage, not having congestive heart failure or diabetes, and utilizing more healthcare resources. The third model included provider characteristics in addition to the quality metrics and patient characteristics. None of the provider characteristics were significant predictors of CRC screening completion in this model.
Discussion
We found that CRC screening is highly concordant with breast cancer screening rates. Even after adjusting for quality metrics, patient characteristics, and provider characteristics, a PCP's breast cancer screening rate significantly predicts CRC screening. More specifically, for each 10% increase in a PCP's breast cancer screening rate, there was a 25% greater likelihood of CRC screening completion for their patients. This finding is consistent with our hypothesis that breast cancer screening (a preventive care metric) would be concordant with CRC screening. However, contrary to our hypothesis, we found that cervical cancer screening (another preventive care metric) was only weakly associated with CRC screening and did not significantly predict CRC screening in the final adjusted model.
One potential reason for these findings is that the ages of the eligible patient populations for CRC screening (50-75 years) and breast cancer screening (women ages 40-68 years) are more similar than CRC screening and cervical cancer screening (women ages 21-64 years). Another possibility is that patients who complete breast cancer screening are more likely to complete CRC screening. However, the statistically significant association between PCP breast cancer screening rates and CRC screening remained even after adjusting for multiple patient-level variables. A third reason capitalizes on the concept of concordant and discordant workflow processes for preventive services that are delivered within a clinic visit 24 . Although initiated by PCPs, in our healthcare system the majority of CRC screening is completed through colonoscopies so the process of both CRC observed clinical preventive service delivery in 18 Midwestern family medicine clinics and found that preventive services may compete with each other when squeezed into an already overcrowded clinical encounter. They suggest that the structure of practices may need redesign so that some preventive services can be accomplished outside an encounter while others are integrated into illness visits 12 .
PCPs are on the front lines of health care delivery and play a major role in CRC screening [25] [26] [27] [28] . As such, they are often the focus of healthcare system interventions targeted towards increasing CRC screening 29 . In order to better understand how and why CRC screening improvement interventions succeed or fail, it is critical to also examine the context (e.g., workflows, available staff, tools and technology, cultural norms) in which the interventions are implemented. Understanding the workflows in a primary care clinic is a key component of the context. Magnan et al 16 . applied the concept of competing demands 13 to care for patients with diabetes and inferred that the competition of multiple care needs along with lack of integration of those needs could mean that patients with a higher number of comorbidities would be less likely to receive all recommended services. We used this model and its associated concepts of concordance and discordance to predict which PCP quality metrics may or may not be synergistic with completion of CRC screening. Our finding that breast cancer screening was the only PCP practice significantly associated with CRC screening, and that cervical cancer screening, HgbA1c and LDL testing, and blood pressure control did not significantly predict CRC screening, supports the idea that healthcare system interventions should focus on changes in the structure and workflows of primary care clinics to improve these quality metrics.
Our results also suggest that healthcare systems could bundle interventions for CRC and breast cancer screening to maximize screening rates. Several studies show that offering colon and breast cancer screening in tandem increases screening rates regardless of CRC screening modality, especially in underserved populations 30, 31 . Gastroenterologists and PCPs can partner with healthcare systems to develop specific electronic health record alerts/ reminders and order sets that are triggered when a patient is overdue for both colon and breast cancer screening. In addition, gastroenterologists and PCPs can work with community outreach programs for breast cancer screening to help promote and expand screening to colon cancer. Shike et al 32 . and Miesfeldt et al 33 . showed success with this type of intervention in minority and under/ uninsured women-populations that often have low uptake of CRC screening.
At the start of our study, we hypothesized that chronic disease management practices would be discordant with CRC screening. We found that while these are not truly discordant, there is only a weak association between CRC screening and HgbA1c testing, LDL testing, and blood pressure control. In addition, none of these metrics significantly predicted CRC screening in the final adjusted model. One potential explanation for not seeing a truly discordant relationship between CRC screening and these metrics may be the relatively high rates achieved for all of these metrics across our healthcare system; in part due to a system-wide quality improvement initiative for primary care redesign to decrease unnecessary variation in patient care that was implemented over the same time period as this study. The primary care redesign initiative began in 2008 with a mission to achieve the triple aim of better care, better health, and lower costs 34 . During the period of this study, the primary care redesign initiative was focused Our study has multiple strengths, as well as some limitations. One major strength is the use of standardized metrics and reporting algorithms to calculate our PCP quality metrics. Another strength is that our healthcare organization has the ability to capture multiple data points to calculate preventive care and chronic disease management metrics, even if testing occurred outside of our health system. In addition, we had a large sample of patients (N = 33,137) and we controlled for a number of patient and provider characteristics that have been associated with completion of CRC screening in prior studies 26, [35] [36] [37] [38] . However, while adjusting for all of those covariates, as well as clustering at the clinic level in our statistical model, we were limited in our ability to account for other contextual factors within each clinic. Some other limitations may affect the generalizability of our results. First, we present data from a single large Midwestern medical practice with both academic and community clinics. However, large multi-specialty systems are becoming a preferred way to provide high quality healthcare and are increasingly recognized as critical to the understanding and improvement of healthcare delivery 39 . Second, our patient sample has little racial and ethnic diversity, was predominantly commercially insured, and relatively healthy. However, our study suggests that colon and breast cancer screening interventions can be bundled to increase both screening rates which has been successfully applied to minority and underserved populations, as shown by Shike et al. 32 and Miesfeldt et al. 33 . Finally, we present data on a select sample of patients who all met our criteria for being "currently managed" by the medical group and therefore, had a baseline level of engagement with the medical system.
Conclusions
We have reached a plateau with improvements in CRC screening rates. In order to reach the NCCRT goal of screening 80% of eligible patients by 2018 we need to optimize existing interventions and/or develop new interventions with higher impact. To do this, we need to better understand the context in which these interventions will be implemented. The competing demands model helps explain our current environment of preventive services delivery and our finding that PCP CRC screening rates correlate highly with breast cancer screening; both are procedures that occur outside of the PCP clinic visit. Health care systems can leverage this correlation and bundle CRC and breast cancer screening interventions together to increase impact and success.
Study Highlights
What Is Current Knowledge
• Colorectal cancer (CRC) screening rates have increased but one-third of eligible patients remain unscreened.
• The National Colorectal Cancer Roundtable (NCCRT) has announced a major goal of screening 80% of eligible patients by 2018.
• Current interventions to increase CRC screening rates need to be optimized to reach the NCCRT goal.
What Is New Here
• Primary care provider (PCP) CRC screening rates correlate highly with breast cancer screening rates.
• Health care systems can leverage this correlation and bundle CRC and breast cancer screening interventions together to increase impact and success.
